



















common	 to	 see	 liquefied	 petroleum	 gas	 (LPG)	 tanks,	 particularly	 with	 a	 higher	 ratio	 of	
propane,	in	surface	installations	serving	homes.	The	most	common	tanks	are	between	1	and	5	
m3	 of	 capacity,	 but	 smaller	 ones	 of	 less	 than	 1	m3	 are	more	 frequent.	 In	 case	 of	 accident,	
installations	may	be	 subject	 to	 fires	and	explosions,	especially	 in	 those	circumstances	where	




the	 compilation	 of	 information	 on	 real	 risk	 scenarios	 in	 historical	 fires.	 First,	 a	 preliminary	
presentation	of	the	properties	and	characteristics	of	liquefied	petroleum	gas	will	be	exposed.	









Next,	 the	 existing	 legislation	 on	 the	 storage	 of	 LPG	 in	 these	 environments	 in	 some	
Mediterranean	 countries	will	 be	 studied.	 In	 order	 to	 develop	 a	 comprehensive	 analysis,	 the	
main	 safety	 measures	 and	 distances	 will	 be	 considered,	 as	 well	 as	 the	 awareness	 of	 the	
possibility	 of	 vegetation	 material	 in	 the	 vicinity	 of	 LPG	 storage	 tanks,	 which	 is	 the	 main	
problem	 that	will	 arise	 in	 a	 possible	 BLEVE	 scenario	 in	 case	 of	 fire.	 To	 finalize	 and	 facilitate	
understanding,	 a	 comparative	 table	 will	 be	 included	 with	 the	 aim	 of	 visualizing	 the	 main	
advantages	and	legislative	deficiencies	between	the	different	countries.	
	







The	 temperature	 and	 the	 heat	 flow	 in	 each	 of	 the	 scenarios	 will	 be	 obtained,	 and	 the	
differences	among	 the	 location	of	 the	sensors	and	 the	characteristics	of	 the	scenario	will	be	
analyzed.		
	
As	a	conclusion,	 it	has	been	observed	that	 there	 is	a	great	amount	of	variables	 that	are	
not	 contemplated	 by	 the	 regulatory	 organisms	 and	 that	 the	 existing	 legislation	 does	 not	















































































































































on	 real	 risk	 scenarios	 in	 historical	 fires.	 A	 study	 of	 current	 technical	 regulations	 and	
identification	of	weaknesses	will	be	done,	followed	by	a	bibliographic	analysis	of	the	state	of	












LPG	 is	 obtained	 from	 petroleum	 and	 has	 two	 origins:	 approximately	 60%	 is	 recovered	
during	 the	extraction	of	natural	 gas	and	oil	 from	 the	earth,	 and	40%	 is	produced	during	 the	
refining	of	crude	oil	[9].	 	The	composition	of	the	petroleum	is	mainly	of	carbon	(93%	–	97%),	
hydrogen	(10%	-	14%),	nitrogen	(0.1%	-	2%),	oxygen	(0.1%	-	1.5%)	and	sulphur	(0.5%	-	6%)	with	
a	 few	 trace	 metals	 making	 up	 a	 very	 small	 percentage	 of	 the	 petroleum	 composition.	 The	
overall	 properties	 of	 each	 different	 petroleum	 source	 are	 defined	 by	 the	 percentage	 of	 the	
four	main	 hydrocarbons	 found	within	 petroleum	as	 part	 of	 the	 petroleum	 composition.	 The	





LPG	 is	 defined	 as	 a	 mixture	 of	 butane,	 isobutene,	 propane,	 propylene,	 butylene	 and	 other	





Liquefied	petroleum	gas	 is	 also	a	gas	used	 in	 industry	as	a	 fuel	 gas	 for	heating	and	 it	 is	
popularly	 known	 by	 its	 abbreviation	 or	 short	 form	 which	 is	 LPG.	 Sometimes	 it	 is	 used	 for	
carburization	 of	 steel,	 flame	 heating,	 flame	 gouging,	 flame	 hardening,	 flame	 cleaning,	 and	
flame	straightening	[22].		
	
The	 production	 of	 LPG	 in	 the	world	 has	 grown	 at	 a	 rate	 of	 3.3%	per	 year	 accumulated	
during	 the	period	 from	1991	 to	2000,	a	year	 in	which	production	grew	by	38%	compared	 to	
1991	[11].	The	domestic	sector	is	one	of	the	most	notorious	applications	of	LPG,	with	almost	
45%	of	world	demand.	However,	transport	is	one	of	the	fastest	growing	sectors,	accounting	for	
almost	9%	and	23.7	million	 tons	of	global	 consumption	 in	2011	 [Hart	et	al.,	2011].	As	 in	 the	
case	of	 LNG	 (Liquefied	Natural	Gas),	world	consumption	has	 increased	significantly	 in	 recent	
years,	the	increase	in	2000	compared	to	1990	was	45%.	
	
Liquid	 petroleum	gases	were	discovered	 in	 1912	when	Dr.	Walter	 Snelling	 realized	 that	
these	 gases	 could	 be	 changed	 into	 liquids	 and	 stored	 under	moderate	 pressure.	 From	 1912	







natural	 gas	 is	mainly	 composed	of	methane.	However,	 it	 also	 contains	 ethane,	 propane	and	
butane	 in	 accordance	 with	 the	 specifications	 for	 natural	 gas	 in	 each	 country	 in	 which	 it	 is	





In	 an	 oil	 refinery,	 LPG’s	 are	 produced	 at	 various	 stages:	 atmospheric	 distillation,	






oil	 refinery	 and	 the	market	 values	 of	 propane	 and	 butane	 compared	 to	 other	 oils	 products.	
Worldwide,	refining	is	the	source	of	approximately	40%	of	LPG	produced	[8].	
	
Although	 tied	 to	 the	 production	 of	 natural	 gas	 and	 crude	 oil,	 LPG	 has	 its	 own	 distinct	
advantages	and	 can	perform	nearly	every	 fuel	 function	of	 the	primary	 fuels	 from	which	 it	 is	
derived.	The	fact	that	it	can	be	easily	liquefied	makes	LPG	a	highly	versatile	energy	alternative	
and	 thanks	 to	 a	 wide	 variety	 of	 packaging	 and	 storage	 options,	 LPG	 has	 numerous	 fuelling	
applications,	as	it	was	mentioned	before.	
	
The	distribution	of	 the	gas	 is	of	great	 importance	when	 it	 comes	 to	obtaining	LPG,	as	 it	
could	be	observed	in	Figure	1.	In	first	place,	the	production	of	field	grade	LPG	is	the	result	of	
the	 treatment	 of	 LNG’s.	 This	 treatment	 is	 necessary	 to	 produce	 oils	 that	 are	 suitable	 for	






coastal	 tanker	 or	 pipeline	 to	 cylinder	 filling	 plants	 and	 intermediate-size	 storage	 areas.	





LPG	 can	be	 transported	 virtually	 anywhere,	 either	 in	 cylinders	 or	 bulk.	 Trucks	 transport	
























As	 it	 was	 explained	 before,	 the	 properties	 of	 propane	 and	 normal	 butane	 (collected	 in	






















LPGs	 are	 commercialized	 applying	 the	 specifications	 established,	 in	 Spain,	 by	 the	
normative	and	legislation,	and	the	characteristic	values	for	commercial	LPG’S	are	summed	up	
on	 Table	 3,	 and	 for	 further	 substances	 characterization,	 CAS	 number	 of	 LPG	 is	 68476-85-7	








































in	 the	 LPG,	 corrosion	 can	 be	 a	 serious	 problem.	 Liquefied	 petroleum	 gas	 has	 no	 lubricating	
properties,	 and	 this	 fact	 must	 be	 taken	 into	 account	 when	 specifying	 LPG	 handling	 pumps,	
compressors,	 and	 so	 forth.	 Instead	 they	dissolve	 the	 fats	 and	natural	 rubber.	 LPGs	 are	 toxic	
and	 physiological	 disorders	 occur	 when	 the	 gas	 concentration	 in	 the	 air	 is	 high	 and	 as	 a	
consequence	there	is	a	displacement	of	oxygen.	The	LPGs	are	devoid	of	color	and	natural	odor;	





gaseous	 state.	 For	 this	 reason,	 it	 is	 very	 important	 to	 notify	 that	 it	 can	 be	 liquefied	 under	
moderate	pressure	or	by	cooling	to	temperatures	below	its	atmospheric	pressure	boiling	point	
but	will	readily	vaporize	upon	release	to	normal	atmospheric	conditions.	It	is	this	property	that	



















LPG’s	 in	 the	 liquid	 phase	 dilate	 by	 temperature	more	 than	 the	 containers	 that	 contain	
them.	 Therefore,	 these	must	 not	 be	 fully	 filled	 in	 order	 to	 be	 able	 to	 absorb	 the	 expansion	
differential	because	otherwise	undesirable	excess	pressure	would	occur.	The	maximum	filling	
level	established	 (UNE-EN	 ISO	60250)	 is	85%	considering	 the	mass	 in	volume	at	20	 °C.	To	be	












vapors	 are	 heavier	 than	 air.	 They	 tend	 to	 stay	 close	 to	 the	 ground,	 collect	 in	 low	 spots	 and	




below	the	 lower	flammable	 limit	 (LFL).	Other	characteristics	of	LPG	include	that	LPG	exerts	a	
chilling	 effect	 from	vaporization	when	 released	or	 vented	 to	 a	 lower	 pressure.	 This	 effect	 is	
known	 as	 auto-refrigeration;	 the	 liquid	 temperature	 approaches	 its	 boiling	 temperature	 at	
atmospheric	pressure	(see	boiling	point	in	Table	2).	The	density	of	the	liquid	is	approximately	




Regarding	 its	 reactivity	 profile,	 LPG	 react	 with	 saturated	 aliphatic	 hydrocarbons,	 which	
makes	it	incompatible	with	strong	oxidizing	agents	like	nitric	acid.	Charring	may	occur	followed	









propane	 is	 far	 below	 temperatures	 typically	 found	 in	 ambient	 conditions,	 propane	 generally	




Since	LPG	 is	 stored	under	pressure	and	vaporizes	 readily	when	released,	 it	 is	difficult	 to	
control	 leaks	once	they	occur.	The	vapor	cloud	from	a	 leak	tends	to	stay	close	to	the	ground	















LPG	 storage	 tanks	 contain	 large	 volumes	 of	 a	 mixture	 of	 flammable	 and	 hazardous	
chemical:	 an	 apparently	 small	 accident	 may	 lead	 to	 million-dollar	 property	 loss.	 In	 last	 50	
years,	 trade	 organizations	 and	 engineering	 societies	 such	 as	 American	 Petroleum	 Institute	
(API),	 American	 Institute	 of	 Chemical	 Engineers	 (AICHE),	 American	 Society	 of	 Mechanical	
Engineers	 (ASME),	 and	 National	 Fire	 Protection	 Association	 (NFPA)	 have	 published	 strict	
engineering	guidelines	and	standards	for	the	construction,	material	selection,	design	and	safe	
management	 of	 storage	 tanks	 and	 their	 accessories	 (AICHE,	 1988;	 1993;	 API,	 1988;	 1990;	




the	 first	 place.	One	m3	 of	 liquid	 LPG	will	 vaporize	 into	 245	 to	 275	m3	 of	 vapor.	 The	 heating	
value	 of	 LPG	 is	 2.5	 to	 3	 times	 higher	 than	 natural	 gas.	 Therefore,	 there	 is	 a	 relatively	 large	
amount	of	potential	energy	contained	in	a	very	small	volume	of	LPG.	When	LPG	is	transported	
in	114	m3	rail	tank	cars	or	stored	in	containers	up	to	680	m3,	the	amount	of	energy	available	
for	 destruction	 is	 tremendous	 if	 precautions	 are	 not	 taken	 to	 prevent	 the	 release	 of	 the	
material.	
	




exposed	 to	 external	 fire,	 there	 is	 a	 chance	 that	 the	 tank	 will	 fail	 despite	 the	 action	 of	 the	
pressure	relief	valve.	If	the	failure	mode	is	catastrophic	then	this	could	lead	to	a	boiling	liquid	
expanding	vapor	explosion	(BLEVE).	 	Because	LPG	is	flammable,	a	fireball	 is	possible	with	the	
















flames	 return	 to	 the	point	of	origin	of	 the	 leak,	 a	pool	 fire,	 a	 jet	 fire	or	 even	a	BLEVE	 if	 the	
flames	affect	the	tank,	can	occur.	
	
Consequence	 analysis	 in	 these	 type	 of	 situations	 depends	 on	 various	 parameters.	 The	

































The	 physics	 of	 BLEVE	 in	 a	 LPG	 tank	 is	 as	 following:	 the	 impacting	 heat	 flux	 leads	 to	 an	




tank,	 then	 a	 BLEVE	 takes	 place.	 If	 the	 fissure	 stops	 short,	 then	 a	 transient	 jet	 release	 takes	
place	[19].	
	







LPG	 boiling,	 fluid	 temperature	 increase	 and	 stratification.	 Rupture	 occurs	 when	 internal	
pressure	exceeds	heated	steel	resistance.		
	
LPG	 containers	 are	 equipped	 with	 pressure	 relief	 devices	 set	 to	 maintain	 sufficient	
pressure	 to	 keep	 the	 LPG	 liquid	 but	 to	 relieve	 any	 pressure	 greater	 than	 the	 container	 is	
designed	to	carry.	At	36	°C,	a	pressure	of	about	1380	kPa	is	needed	to	liquefy	propane.	Butane	






device.	A	 container	holding	 LPG	has	portions	of	 the	 container	which	are	 in	 contact	with	 the	
liquid	(wetted	surface)	and	other	portions	which	are	above	the	liquid	level	and	therefore	not	in	
contact	 with	 the	 liquid	 (unwetted	 surface).	 Under	 fire	 exposure,	 the	 temperature	 of	 the	
wetted	portion	will	remain	essentially	the	same	as	the	liquid	due	to	heat	transfer	to	the	liquid.	
The	unwetted	surface	on	the	other	hand	will	 rise	rather	quickly	to	steel	 failure	temperature.	
The	 rupture	 and	 resultant	 explosion	 is	 this	 special	 form	 of	 a	 BLEVE.	When	 the	 pressurized,	
liquefied	gas	is	suddenly	released	into	the	atmosphere,	about	one-third	of	the	gas	(in	the	case	
of	 propane)	 will	 immediately	 vaporize.	 Another	 portion	 of	 the	 liquid	 will	 be	 expelled	 as	
droplets	or	mist.	Due	to	the	violence	of	the	rupture,	the	gas	and	droplets	will	mix	quickly	with	
air	 and	 a	 large	 fireball	 will	 result.	 The	 size	 of	 the	 fireball	 is	 a	 function	 of	 the	 size	 of	 the	
container,	the	fullness	of	the	container,	the	composition	of	the	gas,	and	the	temperature	and	
pressure	of	 the	gas	 in	 the	container.	Because	a	 sizable	portion	of	 the	 liquid	 is	not	vaporized	
and	 burned	 in	 the	 initial	 fireball,	 an	 intense	 fire	 will	 burn	 for	 a	 number	 of	 minutes	 in	 the	
immediate	 vicinity	 of	 the	 point	 where	 the	 tank	 ruptured	 resulting	 in	 severe	 exposure	 to	
adjacent	tanks.	 In	addition	to	damage	from	the	fireball,	pieces	of	the	ruptured	container	can	
travel	up	 to	2500	m	doing	extensive	damage	 to	 surrounding	property.	The	effects	 to	people	
and	property	from	BLEVEs	have	been	modeled	by	various	organizations	[26].		
	










At	 times,	 when	 large	 quantities	 of	 flammable	 vapors	 are	 released	 and	 ignited,	 a	
phenomenon	known	as	an	Unconfined	Vapor	Cloud	Explosion	(UVCE)	may	occur.	These	have	
occurred	 in	 varying	 degrees	 of	 severity	 over	 the	 years.	 The	 effects	 have	 ranged	 from	minor	
damage	 to	 structures	 to	 major	 damage	 to	 entire	 chemical	 plants	 and	 refineries.	 The	 exact	
mechanism	 by	 which	 the	 UVCE	 occurs	 is	 still	 being	 debated.	 It	 is	 believed	 that	 turbulence	
created	by	the	burning	vapor	causes	a	degree	of	"self	confinement"	allowing	the	combustion	








Certainly,	 the	most	notable	 industrial	 incident	prior	 to	 the	Bhopal	 toxic	gas	 release	was	
the	unconfined	vapor	cloud	explosion	in	Flixborough,	England	in	1974.	Because	of	the	severity	
of	 the	 Flixborough	 disaster,	 the	 incident	 was	 thoroughly	 investigated	 and	 was	 the	 basis	 of	






The	 largest	 losses	 caused	 by	 LPG,	 both	 from	 a	 loss	 of	 life	 and	 property	 damage	







Because	 of	 the	 volatility	 of	 LPG,	 most	 notable	 incidents	 involving	 this	 material	 are	







This	 allows	 the	 formation	 of	 a	 cloud,	 which	 evolves	 so	 that	 if	 it	 finds	 an	 ignition	 point	 the	
whole	mass	between	the	flammability	limits	will	be	ignited.	
	
In	 contrast,	 in	 the	case	of	 container	 collapse	or	 significant	 rupture,	 flash	evaporation	of	
propane	 will	 occur,	 resulting	 in	 an	 instantaneous	 emission	 of	 the	 material	 into	 the	
atmosphere.	
	
In	the	event	that	the	 leak	 is	produced	by	the	 lower	part,	 it	 is	considered	that	the	entire	






If	 the	 liquefied	gas	 is	 stored	at	 ambient	 temperature	and	at	 a	pressure	higher	 than	 the	
atmospheric	pressure,	when	 the	 leakage	occurs	 the	 liquefied	gas	will	 escape	 to	 the	outside,	
producing	a	flash	evaporation	that	will	lead	to	a	biphasic	leakage.	Some	amount	of	liquid	in	the	













Jet	 fires	are	associated	 to	very	high	heat	 fluxes	and	 if	 they	 impinge	on	equipment,	 they	
can	originate	a	catastrophic	failure	in	a	very	short	time.	
	
An	 example	 of	 such	 a	 situation	 is	 the	 accident	 that	 occurred	 in	 San	 Juan	 Ixhuatepec,	
Mexico,	 in	 1984:	 an	 initial	 vapor	 cloud	 explosion	 (due	 to	 a	 release	 of	 flammable	 gas	 during	
maintenance	work)	originated	diverse	LPG	jet	fires	and,	after	only	69	seconds,	the	first	boiling	
liquid	 expanding	 vapor	 explosion	 occurred	 and	 a	 very	 short	 exposure	 time	 was	 enough	 to	
cause	 the	 failure	of	 a	pressurized	 vessel	 [26].	 This	 caused	500	people	 killed	and	about	7000	
people	severely	injured.	
	
While	 in	 this	accident	 the	 jet	 fires	 followed	a	previous	explosion,	 in	other	cases	 the	gas	




finally	originated.	Other	cases	could	be	mentioned	 in	the	field	of	 the	transport	of	 flammable	






































but	 a	 safety	 margin	 has	 to	 be	 considered	 since	 LPG	 tanks	 can	 be	 old	 and	 can	 present	
weaknesses.	
	
To	 assess	 the	 risk	 of	 these	 scenarios	 (as	 for	 example	 the	 effects	 caused	 by	 a	 specific	










Some	 institutions	 as	 The	American	Petroleum	 Institute	 recommended	 critical	 values	 for	
safety	studies.	The	critical	value	 for	a	LPG	tank	equipped	with	a	pressure	relief	valve	 is	7000	



















In	 Port	 Newark	 (New	 Jersey,	 July	 7,	 1951)	 facility	 had	 one	 hundred	 115	 m3	 horizontal	
tanks	for	receiving	propane	from	ships	and	distributing	by	tank	truck	or	tank	rail	car.	A	leak	of	
unknown	origin	occurred	in	piping	near	one	group	of	tanks.	Ignition	was	immediate	and	about	




neighboring	 plants.	 None	 of	 the	 tanks	 in	 another	 group,	 located	 107	 m	 away,	 ruptured.	





In	 Texas	 (May	 30,	 1978),	 a	 tank	 farm	 used	 to	 store	 propane,	 propylene,	 butane,	 and	
butylene	 in	 conjunction	 with	 a	 refinery	 alkylation	 unit	 was	 located	 directly	 adjacent	 to	 the	
alkylation	unit	and	other	production	units.	The	tank	farm	contained	three	800	m3	(210,000	gal)	
spheres,	five	160	m3	horizontal	"bullets"	and	four	160	m3	vertical	"bullets."	A	sphere	was	being	
filled	 from	a	pipeline	delivery.	Due	 to	 instrument	 failure	and	a	 faulty	 relief	valve,	one	of	 the	
spheres	 was	 overfilled	 and	 overpressured	 to	 the	 point	 of	 rupture.	 The	 huge	 fireball	 and	
ensuing	fire	caused	the	subsequent	rupture,	over	the	next	20	minutes,	of	all	of	the	remaining	
tanks	and	spheres	in	the	tank	farm.	Sphere	and	tank	fragments	went	in	all	directions	causing	












A	 leak	 occurred	 at	 the	 site	while	 tanks	were	 being	 filled	 from	a	 pipeline.	 The	 leak	may	
have	been	caused	by	overfilling	and	over-pressure	of	one	or	more	 tanks.	A	vapor	 cloud	was	






















of	wildfires.	Traditionally	 it	was	defined	as	 that	 interface	as	 the	occurrence	of	 fire	 spreading	
from	wildland	fuel	(in	this	case	vegetation)	to	urban	fuel	(homes	that	form	the	neighborhood),	
in	 terms	of	 the	wildland	 fire	becoming	 close	enough	 for	 its	 flames	and	 its	 firebrands	 (lofted	
burning	embers)	to	contact	flammable	parts	of	a	home	or	the	home’s	immediate	surroundings.	
The	 main	 question	 is	 related	 with	 the	 estimation	 of	 distances	 between	 fire	 and	 houses	 to	
cause	 any	 dangerous	 situation.	 The	 threat	 to	 homes	 and	 their	 destruction	 during	 wildland	
fires,	with	associated	risks	for	life	safety,	are	significant	problems	for	emergency	managers	and	
land	 managers	 because	 of	 the	 difficulties	 to	 manage	 these	 situations	 under	 unknown	









from	 their	 house	 in	order	 to	 stop	 the	 fire	 and	prevent	 it	 from	burning	 the	house.	 The	main	
problem	 is	 the	difference	between	normative	and	 legislations	on	countries	because	 they	are	
not	 the	 same	 requirements	 for	 countries	 as	 Spain,	 France,	 Portugal,	 Italy	 or	 EE.UU.	 The	
problem	of	ornamental	 vegetation	near	a	 LPG	 tank	 is	not	always	collected	 in	 the	 legislation.	
The	danger	of	presence	of	 vegetation	near	 a	 tank	 in	 a	WUI	 is	 real	 and	 it	was	demonstrated	
with	numerous	cases	of	incidents	happened	on	the	past	(Valencia	and	Madeira	fires	in	2016	as	
European	examples	and	Calabasas	Hill	fire,	also	in	2016,	as	American	examples,	Figure	6	and	7)	


















hot	water	 production	 or	 cooking.	 This	 fuel	 is	 usually	 stored	 out	 of	 the	 house	 in	 pressurized	
cylindrical	 tanks	 of	 medium	 capacity	 (1	 to	 3	 m3)	 [18].	 These	 tanks	 are	 not	 protected	 by	 a	
passive	protection	layer	against	fire	but	are	prevented	from	excessive	pressure	by	a	relief	valve	
and	other	control	devices.	However,	when	such	a	 tank	 is	exposed	 to	external	 fire,	 there	 is	a	
chance	that	the	tank	will	fail	despite	the	action	of	the	pressure	relief	valve.	If	the	failure	mode	
is	 catastrophic	 then	 this	 could	 lead	 to	 a	 boiling	 liquid	 expanding	 vapor	 explosion	 (BLEVE)	








extensive	 way	 despite	 the	 importance	 of	 the	 problem.	 Current	 research	 has	 focused	 on	
general	 issues	such	as	 the	characterization	of	 the	 impact	of	wildfire	 fronts	on	LPG	tanks,	 the	




























fire	 to	 the	 target	 and	 is	 function	 of	 the	 atmospheric	 humidity,	 the	 concentration	 of	 carbon	
dioxide	 and	 the	distance,	 and	 can	be	 calculated	using	 semi-empirical	 equations.	 The	 surface	
emissive	power	of	the	flame	may	be	calculated	as:	
	
	 	 	 E = 	ε	σ	T+	 	 	 Eq.	2	
	






The	 view	 factor	 F	 is	 defined	 as	 the	 fraction	 of	 the	 radiation	 leaving	 a	 surface	 A	 that	 is	
intercepted	 by	 a	 surface	 B.	Oriented	 elemental	 areas	 dA	 and	 dB	 are	 connected	 by	 a	 line	 of	
length	R,	which	forms	the	polar	angles	θA	and	θB,	respectively,	with	the	surface	normal	vectors	
nA	and	nA.	The	values	of	R,	θA	and	θB	vary	with	the	position	of	the	elemental	areas	on	A	and	B.	
Assuming	 that	 both	 surfaces	 emits	 and	 reflects	 diffusely,	 and	 that	 the	 radiation	 heat	 is	
uniform,	the	view	factor	can	be	defined	as:	
	





	 	 	 % = 	 ,- ./012; ./0 13;456;<= 89>8:>		 	 Eq.4	
	


















distance	of	50	m	prevents	 from	BLEVE,	even	with	 large	crown	fires	 (height	40	m,	 length	100	
m).		
	













unwetted	steel.	 In	this	case,	 the	maximum	radiative	heat	 flux	on	the	tank	and	the	total	heat	
flux	impacting	the	tank	were	considered.	
	
A	 medium	 scale	 fire	 set-up	 was	 designed	 to	 simulate	 a	 crown	 fire.	 The	 firewall	 was	
achieved	 by	 a	 burning	 wall	 of	 natural	 gas	 burners.	 Therefore,	 the	 experimental	 fire	 height	









The	 configuration	 analyzed	 is	 drawn	 in	 Figure	 9:	 the	 wildland	 fire	 is	 assumed	 to	 be	
represented	by	a	 rectangular	 solid	 firewall	 (black	body)	and	 faces	a	horizontal	2m3	LPG	 tank	
where	the	firewall	and	LPG	tank	were	parallel	to	each	other.	The	average	SEP	(Surface	Emissive	
Power)	 is	assumed	to	be	90	kW/m2	and	 it	 is	used	to	calculate	the	maximum	heat	 flux	 (MHF)	
and	total	heat	 flux	 (THF)	 that	would	 impact	a	2m3	LPG	tank	 if	exposed	to	a	 large	crown	fire.	
The	maximum	size	of	 fire	would	be	a	 total	 flame	height	of	40	m	and	a	 length	of	100	m.	The	
distance	between	the	fire	and	the	tank	wall	was	defined	as	50	m.		
	
During	 the	 experiments,	 a	 2m3	 tank	 was	 filled	 at	 15%	 with	 commercial	 LPG.	 The	 gas	
burner	system	was	designed	with	horizontal	tubes	pierced	with	two	rows	of	holes.		
	
Before	 putting	 the	 tanks	 in	 front	 of	 the	 fire	 for	 the	 real	 test,	 several	 experiments	with	
radiative	heat	 flux	meters	were	performed	 to	check	 the	best	distance	 (3.8	m).	The	 tank	was	
also	 equipped	with	 external	wall	 thermocouples	 and	 8	 of	 them	were	 arranged	on	 a	 vertical	
pole	to	measure	fluid	temperatures	and	3	convective	heat	flux	sensor	were	glued	on	the	wall	
covered	with	a	thin	nickel	polished	surface.	Then,	the	internal	pressure	was	measured	with	a	







very	 constant	 because	 of	 the	 fluctuation	 of	 NG	 pressure	 and	 the	 maximum	 heat	 flux	 was	
recorded	at	the	beginning	of	the	trial.	The	average	value	of	the	heat	flux	was	calculated	to	be	



















a	 tank	 located	 at	 the	 base	 of	 the	 fire.	 However,	 at	 such	 a	 short	 distance,	 heat	 transfer	 by	






This	 investigation	 consists	 on	 the	 description	 of	 an	 experimental	 study	with	 a	 pressure	
vessel	of	2300	L	exposed	to	remote	fire	heating	by	a	natural	gas	fuelled	wall	fire	simulator.	In	










and	 the	 tank.	 The	 tank	 was	 equipped	 with	 23	 thermocouples	 and	 configured	 as	 in	 other	
studies.	 The	 fire	was	designed	as	 a	 rectangular	 radiating	wall	 and	a	 thermal	 imaging	 system	























As	 can	be	 seen	 from	 the	 figure,	 the	main	 fire	was	extinguished	at	11	min.	However,	 leaking	
propane	continued	 to	burn	as	a	 jet	 impinging	 the	 top	of	 the	 tank	 resulting	 in	 very	high	wall	




To	 sum	 up,	 this	 work	 has	 shown	 that	 incident	 radiative	 heat	 flux	 from	 a	 remote	 fire	















In	 this	 case,	 the	 target	 is	 cylindrical	 and	 cannot	 be	 represented	 by	 a	 flat	 rectangle.	 A	 finite	
elements	modeling	was	therefore	developed	in	order	to	compute	the	impacting	heat	fluxes	on	




fluxes	 on	 the	 tank,	 depending	 on	 the	 position	 relative	 to	 the	 direction	 of	 the	 fire.	 The	
maximum	heat	flux	is	observed	in	areas	were	the	surface	faces	the	fire.		Modelling	accurately	












impacted	 with	 high	 exceeding	 the	 safety	 criteria	 of	 API.	 Three	 experiments	 were	 therefore	
performed	to	investigate	the	behavior	of	the	tank	in	a	scenario	that	exceeds	that	safety	value.	






























the	safety	of	Liquefied	Petroleum	Gas	 (LPG)	 facilities	 is	done	with	an	emphasis	on	substance	













UNE	60250:2008	has	 the	objective	 to	 establish	 the	 criteria	 for	 the	design,	 construction,	
mounting	 and	 exploitation	 of	 LPG	 installations	 by	 fixed	 deposits	 with	 a	 geometry	 capacity	
equal	 or	 less	 than	 2000	m3.	 The	 scope	 of	 this	 regulation	 goes	 since	 the	 installation	 and	 the	
equipment	between	charging	port	and	end	valves	(including	these	ones).	
	
The	whole	 of	 the	 installation	 and	 equipment	 comprises	 the	 charging	 port,	 tank	 and	 its	
accessories,	 piping	 between	 the	 charging	 port	 and	 the	 outlet	 valves,	 transfer	 equipment,	
vaporization,	regulation	and	control	devices.	
	









	 D01	 Dp2	 	 D0	
A-1	 1.5	 1.0	 E-1	 0.75	
A-5	 3.0	 2.0	 E-5	 1.5	
A-13	 5.0	 3.0	 E-13	 3.0	
A-35	 7.5	 5.0	 E-60	 4.0	
A-60	 8.5	 6.5	 E-120	 5.0	
A-120	 10.0	 7.5	 E-500	 10.0	
A-500	 15.0	 10.0	 D0	=	distance	to	orifice	





















































For	 reference	 4	 (Table	 7),	 the	 following	 method	 is	 applied	 (see	 Figure	 17):	 from	 the	













	 D0	 Dp	 D0	 Dp	
Reference	1	 	 0.3	 	 0.6	
Reference	2	 	 0.65	 	 1.25	
Reference	3	 	 0.3	 	 0.6	













The	 use	 of	 walls,	 blind	 walls	 or	 screens	 can	 reduce	 the	 distances	 corresponding	 to	
reference	4	(except	distances	to	projection	of	high	voltage	overhead	lines	in	surface	tanks)	up	
to	50%	according	to	the	following	criteria:	the	wall,	the	blind	walls	or	screens	must	be	straight,	









• The	 use	 of	 a	 wall,	 blind	 wall	 or	 screen	 should	 in	 no	 case	 imply	 the	 reduction	 of	





















floor	at	 least	one-sixth	of	 the	perimeter	of	 the	yard,	 ideally	considered	closed	by	
the	lines	connecting	the	inside	corners	of	the	open	parts.		
• The	 average	 height	 of	 the	 buildings,	 obtained	 by	 weighting	 the	 height	 of	 each	
building	with	its	facade	length	to	the	yard,	cannot	exceed:	H	<7	+	0.7	x	V	for	aerial	











where	 S	 is	 the	 free	 surface	 of	 the	 yard,	 in	 square	meters	 (m2);	 V	 is	 the	 volume	 of	 the	
supply	facility,	 in	cubic	meters	(m3).	The	use	of	walls,	blind	walls	or	screens	 is	not	allowed	to	












to	put	a	blind	plug	 in	 the	 lower	drainage	hole,	and	using	another	drainage	device	 through	a	
diver	tube	on	the	top.	Said	change	will	allow	the	non-mandatory	to	maintain	the	distance	of	
less	than	50	cm	or	80	cm	depending	on	the	case,	if	a	blind	plug	is	provided	in	the	lower	purge,	





Vessels	 must	 be	 installed	 horizontally	 or	 vertically	 according	 to	 their	 design.	 At	 the	
location	of	the	tanks	and	equipment,	there	must	be	a	minimum	2	m	high	enclosure	that	can	be	
of	metallic	mesh	or	any	other	similar	system	of	class	M1,	which	allows	 	good	ventilation	and	




























up	 to	20	m3	and	of	80	 in	 the	majors.	This	point	will	allow	us	 to	place	 the	 reservoirs	without	






cover	and	when	vehicles	 can	move	on	 it,	 it	must	be	protected	with	 the	necessary	means	 to	






















distributed	in	at	 least	two	extinguishers.	 If	the	transfer	equipment	is	 located	in	a	shed,	these	
extinguishers	must	be	placed	on	the	outside	of	 the	same.	The	vaporizer	booths,	 if	any,	must	
have	 at	 least	 one	 minimum	 efficiency	 34A-183B-C,	 as	 supplementary	 to	 the	 established	
previously.	
	











(2014)’’	 decree	 is	 stipulated	 to	 order	 the	 subject	 of	 fire	 prevention	 for	 the	 installation	 and	
operation	of	LPG	deposits	in	fixed	tanks	with	a	total	geometric	capacity	not	exceeding	13	m3,	







to	 deposits	 existing	 at	 the	 date	 of	 entry	 into	 force	 of	 this	 measure	 in	 case	 of	 substantial	


















According	 to	 the	 law,	 a	 fixed	 tank	 is	 a	 pressure	 vessel	 intended	 to	 contain	 liquefied	
petroleum	gas,	stably	installed	in	the	ground	and	stably	connected	to	the	distribution	system.	
A	 tank	 for	 underground	 use	 (or	 underground	 tank):	 fixed	 tank	 intended	 specifically	 for	
underground	installation.	It	is	completely	placed	below	the	surface	of	the	floor.	
	










• UNI	 EN	 12542-	 equipment	 and	 accessories	 for	 LPG	 -	 Cylindrical	 stationary	 tanks	 of	
welded	steel,	for	liquefied	petroleum	gas	(LPG),	produced	in	series,	geometric	capacity	
of	up	to	13	m³	-	Design	and	manufacture.	
• UNI	 EN-14570	 LPG	 equipment	 and	 accessories	 -	 Equipment	 for	 LPG	 tanks,	 above	
ground	and	underground.	















a.	The	distance	between	the	perimeter	of	 the	nearest	 tanks	of	 individual	deposits	 is	not	 less	
than	15	m,	can	be	reduced	to	half	by	burial	of	tanks	or	interposition	of	the	wall.	
b.	The	deposit	does	not	have	 in	common	with	other	deposits	 the	 filling	point	and	vaporizers	
and	first-stage	pressure	reducer.	
	





b) has	 the	 courtyard	 area	 not	 less	 than	 1,000	 m2	 and	 has	 at	 least	 a	
quarter	 of	 the	 free	 perimeter	 of	 the	 buildings;	 for	 the	 remaining	
three	 quarters	 of	 said	 perimeter	 they	 are	 not	 allowed	 buildings	




3. The	 installation	 of	 tanks	 on	 sloping	 ground	 is	 permitted.	 In	 this	 case	 the	 safety	
distances	must	be	measured	in	horizontal	projection.	When	the	slope	of	the	land	is	
greater	 than	5%,	do	not	apply	 the	reductions	of	 safety	distances	provided	to	 the	















They	 are	 considered	 dangerous	 elements	 of	 the	 deposit,	 for	 the	 purposes	 of	
determination	of	safety	distances,	the	tank,	the	filling	point,	the	multivalve	group	and	all	the	
shut-off	 and	 control	 bodies,	 with	 a	 working	 pressure	 exceeding	 1.5	 bar.	 Compared	 to	 the	
dangerous	elements	of	 the	deposit,	 the	 safety	distances	must	be	observed	 indicated	 in	next	
point	and	the	protective	distances	indicated	also.	
	
• Compared	 to	 the	 dangerous	 elements	 of	 the	 deposit	 referred	 to,	 the	 following	
minimum	safety	distances	must	be	observed:	
	
a) manufactured,	 sewer	 openings,	 closed	 tunnels,	 any	 sources	 of	 ignition,	
openings	to	the	laying	surface	of	the	tanks	and	communicating	with	premises	
located	 below	 ground	 level,	 deposits	 of	 combustible	materials	 or	 flammable	










b) buildings	 or	 premises	 also	 in	 part	 to	 public	 exercises,	 in	 communities,	 in	
gathering	 places	 of	 detention	 or	 public	 spectacle,	 deposits	 of	 combustible	



















• The	 safety	distances	 referred	 to	 in	 the	previous	paragraph	1,	 letters	 a),	 b),	 c),	 d)	
and	e),	can	be	reduced	until	the	second	half	as	indicated	below:	
	
-	 distances	 referred	 to	 in	 points	 a),	 c)	 and	 e),	 by	 burial	 of	 tanks	 or,	 alternatively,	 the	
interposition	of	the	walls	between	the	dangerous	elements	of	the	deposit	and	the	elements	to	
be	protected	so	that	the	horizontal	path	of	a	possible	release	of	gas,	have	a	development	not	













































point	 5,	 6	 and	 8.	 Among	 the	 dangerous	 elements	 of	 the	 deposit	 and	 the	 fence	 must	 be	
observed	a	minimum	distance	of	1	m.	
	








fitted	 with	 a	 lock	 or	 padlock,	 enclosing	 the	 multivalve	 group,	 the	 filling	 connection,	 the	
pressure	gauge	and	the	device	for	control	the	maximum	liquid	level.	
	
In	 cases	where	 it	 is	 not	 possible	 to	 install	 on	 the	 tanks	 of	 the	 filling	 point,	 this	 can	 be	
located	 in	 another	 position,	 devoid	 of	 fence,	 in	 accordance	 with	 the	 distances	 referred	









the	enclosure	adjacent	 to	 the	manufactured	buildings,	which	must	have	at	 least	 two	



















In	 France,	 the	 main	 law	 is	 the	 Decree	 of	 30	 July	 1979	 on	 the	 technical	 and	 safety	
standards	applicable	 to	 the	storage	of	 fixed	 liquefied	hydrocarbons	not	 subject	 to	 legislation	
on	classified	installations	or	publicly-owned	buildings.	
	




this	 Order	 shall	 be	 regarded	 as	 distributors	 of	 commercial	 butane,	 commercial	 propane	 or	
special	fuel	mixture.	
	


















































• The	ownership	 limit	and	 the	public	 road,	at	a	distance	"d"	which	varies	according	 to	
the	 quantities	 stored.	When	 the	 stored	 quantity	 is	 at	most	 3500	 kg,	 the	 distance	 d	












• Distance	d	may	be	 reduced	 to	1.50	meters	provided	 that	 the	open	vent	of	 the	valve	
and	that	of	the	filler	are	isolated	from	the	above	locations	by	a	solid	wall	constructed	
Fire-resistant	material	 of	 two-hour	 degree,	 the	 height	 of	 which	 exceeds	 that	 of	 the	
filling	mouth	and	 the	orifice	of	 the	 valve	by	0.50	meters,	 and	 the	 length	of	which	 is	
such	 that	 the	 horizontal	 projection	 of	 the	 actual	 path	 of	 the	 vapors	 Between	 the	




These	 lengths	 are	 increased	by	 1	meter	 respectively	 for	 liquid	or	 liquefied	hydrocarbon	
distributors.	 In	all	cases,	a	clearance	of	at	 least	0.60	meters	must	be	 left	 laterally	around	the	
tank.	
	










The	 tanks	 shall	 comprise:	 a	 double	 filling	 valve	 (or	 any	other	 device	offering	 equivalent	














The	 constituent	 materials	 of	 the	 storage-dependent	 pipes,	 their	 dimensions	 and	 their	
method	of	assembly	must	be	chosen	so	as	to	ensure,	with	a	sufficient	safety	factor,	resistance	
to	 the	 mechanical,	 physical	 and	 chemical	 actions	 due	 to	 the	 products	 conveyed.	 The	















In	 the	 case	 of	 overhead	 storage,	 fire	 extinguishers	 can	 be	 replaced	 by	 a	 water	 station	









liters	 for	buried	tanks.	 If	 the	 installation	capacity	 is	 less	 than	5,000	 liters,	 it	does	not	 require	














• 1st	 category.	 Products	 whose	 gases	 or	 vapors	 form	 with	 air	 at	 ordinary	
temperature	 explosive	 mixtures:	 All	 petroleum	 products	 and	 the	 like	 having	 a	















For	 the	 purpose	 of	 applying	 this	 regulation,	 the	 calculation	 of	 the	 total	 capacity	 of	




















or	 military	 interest;	 in	 bridges	 normally	 flooded	 in	 times	 of	 rain	 or	 winter	 or	 where	 the	








When	 there	 are	 parts	 of	 separation	 that	 are	 in	 direct	 contact	 with	 public	 or	
communication	ways,	open	sea	or	waterways	and	canals,	military	 installations,	etc.	This	wall	

































• The	 minimum	 distance	 between	 an	 installation	 and	 various	 constructions	
within	 the	 limits	 of	 the	 installation	 shall	 be	 20	 m	 for	 products	 of	 the	 first	
category.	 When	 the	 installation	 has	 a	 capacity	 of	 less	 than	 200	 m3,	 these	





from	all	 inlets	or	outlets	of	 the	1st	 category	products,	 this	 being	a	measured	
distance	 on	 the	 line	 defining	 the	 shortest	 path.	When	 the	 installation	 has	 a	
capacity	of	less	than	25	m3,	these	distances	need	not	be	maintained,	and	it	is	
very	 necessary	 that	 the	 buildings	 are	 located	 outside	 the	 very	 dangerous	
areas.	
	
Garages	 are	 considered	 to	 be	 local	where	 fires	 can	 be	 produced,	 and	may	 be	 installed	














• All	 entrance	 doors	 and	 holes	 in	 the	 tanks	 shall	 be	 closed	 by	 safety	 devices	 with	 a	
perfect	seal,	constructed	of	steel	or	bronze.	
• All	 holes	 in	 tanks	 shall	 be	 protected	 by	 appropriate	 devices	 preventing	 flame	
propagation.	
• All	tanks	of	products	of	1st	category	must	be	provided	by	the	accessories	required	for	



























































anhydrous	carbonic	or	other	non-combustible	product.	 In	 fixed	 installations	 it	will	be	
better	to	use	a	chemical	foam	extinguishing	system,	reserving	those	that	require	water	
as	a	portable	measure.	The	capacity	to	generate	a	foam	should	be	such	as	to	cover	the	
surface	 of	 the	 largest	 diameter	 reservoir	 exist	 with	 a	 foam	 height	 of	 0.40	m	with	 a	
response	time	of	10	minutes.	
3. Fire	 extinguishers.	 There	 must	 be	 for	 every	 100m2	 of	 surface	 a	 portable	 fire	
extinguisher	with	a	capacity	of	at	least	9	liters	(extinguisher	that	works	with	inert	gas).	
In	 non-hazardous	 areas	 of	 the	 installation	 the	 number	 of	 extinguishers	 may	 be	
reduced	by	half.	Where	there	are	electronic	devices,	there	must	be	at	least	two	non-
conducting	fluid	extinguishers.	
























































































































The	minimum	distances	 between	 the	 LPG	 supply	
unit	and	any	buildings,	reservoirs,	equipment	and	






















• When	 this	 quantity	 is	 greater	 than	 3500	 kg	 the	 distance	 is	
increased	to	5m.	
	




















For	 more	 specified	 values,	
4.3.5:	
	
1) Capacity	 for	 deposits	 up	
to	0.3	m3:	1.5	m.	







by	 up	 to	 half	 in	 accordance	
with	 the	 previous	 point.	 In	
case	 of	 interposition	 of	 the	










	 Spain	 Portugal	 France	 Italy	
Operation	conditions	
Maximum	 level	 of	 liquid	 is:	 85%	 of	 the	
geometric	capacity	of	the	tank	at	20°C.	
	





pressure	 of	 the	 vapors	 of	 the	
products	contained:	




• Painted	 aluminum	 or	
white:	50°C	
The	 pressure	 cannot	 be	
less	 than	 7kg/cm2	 for	 the	
aerial	tanks.	








No	 reference	 to	 any	 vegetables	 or	






materials	 could	 be	 inside	 the	
limits	of	the	installation	
Specific	 reference	 to	 vegetable	
and	 combustible	 substances.	 A	
distance	of	3	m	above	 the	 tank	
must	 be	 applied	 in	 order	 to	
achieve	 the	 Normative	
requirements.	
Specific	 reference	 the	 vegetable	 walls:	 the	
protection	 shall	 be	 deemed	 equivalent	 if	 it	
consists	of	a	 structure	 that	 is	a	non-combustible	
enclose.	
 
The	 aerial	 tanks	must	 be	 surrounded	 by	 an	
area,	 having	 amplitude	 not	 less	 than	 5m,	
completely	clear	and	devoid	of	vegetation.	 If	 this	
distance	 cannot	 be	 met,	 the	 base	 of	 the	 wire	
mesh,	it	will	be	constituted	by	a	high	wall	at	least	











	 Spain	 Portugal	 France	 Italy	
Safety	against	fire	
V≤	1	m3:	not	necessary	
1<V≤	 5	m3:	 Extinguish	material	 or	
water	at	a	distances	less	than	15	m	
	
Fire	 extinguishers	 must	 be	
dry	 chemical	 dust,	 portable	 or	 on	
wheels.	A-5	must	have	at	least	two	
fire	 extinguishers	 and	 2.5	 kg	 of	
powder	 dry	 chemical	 per	 cubic	




an	 external	 water	 supply	 must	 be	
provided	 with	 storage	 tanks	 and	





• Foam.	 The	 capacity	 to	 generate	 a	
foam	 should	 be	 such	 as	 to	 cover	
the	surface	of	the	largest	diameter	
reservoir	 exist	 with	 a	 foam	 height	
of	0.40	m	with	a	 response	 time	of	
10	minutes.	
• Fire	 extinguishers:	 for	 every	
100m2	 of	 surface	 a	 portable	
extinguisher	 with	 a	 capacity	 of	 at	
least	 9	 liters.	 In	 non-hazardous	
areas	 may	 be	 reduced	 by	 half.	
Where	 there	 are	 electronic	
devices,	there	must	be	at	least	two	
non-conducting	fluid	extinguishers.	
• Sand.	 There	must	be	 sand	 sites	 at	
a	rate	of	1	m3	of	sand	per	2500m2	
of	uncovered	surface.	
The	 following	 means	 of	 control	
must	be	provided:	
	
• A	 portable	 fire	 extinguisher	
minimum	 4	 kg	 if	 the	 stored	
quantity	is	not	more	than	3500	kg	
• Two	fire	extinguishers	of	the	same	
type	 if	 the	 stored	 quantity	 is	
greater	than	3500	kg	
	
In	 the	 case	 of	 overhead	 storage,	
fire	extinguishers	can	be	replaced	by	a	





shall	 be	 kept	 in	 the	 vicinity	 of	 the	 tank	
with	 a	 minimum	 charge	 of	 4	 kg	 and	
capacity	up	to	5	m³.		
	
Deposits	 above	 5	 m³	 must	 have	 a	
minimum	 charge	 of	 6	 kg	 and	
extinguishing	 capacity	 of	 not	 less	 than	
21A	 113B-C.	 For	 deposits	 up	 to	 0.3	m³,	
only	 one	 fire	 extinguisher	 with	 a	
minimum	 charge	 of	 4	 kg	 and	 an	
extinguishing	 capacity	 of	 not	 less	 than	
13	°	89B-C	shall	be	kept.	
	
Aerial	 tanks	 with	 a	 capacity	 of	 more	
than	 5	 m³	 shall	 be	 protected	 with	 at	
least	 one	 DN	 25	 horn	 and	 powered	 by	
aqueducts	 or	 by	 a	 suitable	 water	
reserve,	 capable	 of	 ensuring	 the	
following	 hydraulic	 performance:	 Less	
than	 60	 l	 /	 min;	 Residual	 pressure	 at	













At	 the	 location	 of	 the	 tanks	
and	 equipment	 there	 must	 be	 a	
minimum	2	m	high	 enclosure	 that	
can	 be	 of	 metallic	 mesh	 or	 any	
other	 similar	 system	 of	 class	 M1,	
which	 allows	 good	 ventilation	 and	
prevents	 the	 access	 of	 people	
outside	 the	 building.	 If	 this	
enclosure	 is	 fitted	with	 a	 base,	 its	
height	 should	 not	 exceed	 30	 cm.	
The	 doors	 of	 the	 enclosures	 must	
open	 to	 the	 outside,	 they	 must	
also	 be	 of	 class	 M1,	 and	 the	
fastenings	 must	 be	 of	 quick	 drive	
from	 the	 interior	 without	 needing	
to	use	keys.		
	
The	 use	 of	 walls,	 blind	 walls	 or	
screens	 regulated	 can	 be	
considered	 as	 enclosure,	
supplemented	 with	 wire	 mesh	 or	
similar	 system	 to	 reach	 the	height	
of	2	m.		
Storage	or	handling	facilities	must	
be	 located	 within	 private	 enclosures	
with	 a	 separation	 of	 at	 least	 2.50	 m	
minimum	 height,	 counted	 from	 the	




• This	 wall	 must	 be	 constructed	 in	
such	 a	 way	 as	 to	 prevent	 any	
eventual	 discharge	 into	 the	
exterior	 of	 the	 liquids	 existing	 in	
the	 installation	 and	 in	 case	 of	
explosion,	 fire	 or	 breakage,	 the	
number	 of	 doors	 in	 that	
installation	 will	 be	 absolutely	
essential	
It	must	be	a	solid	wall	constructed	
with	 a	 fire-resistant	 material	 of	 two-
hour	 degree.	 The	 height	 of	 which	












For	 deposits	 of	 residential	
complexes	service,	at	most	four	families,	
the	fence	is	not	necessary	provided	that	
the	 tanks	 are	 installed	 on	 private	
property.	
	
In	cases	where	 it	 is	not	possible	 to	
install	 on	 the	 tanks	 of	 the	 filling	 point,	




The	 reservoir	 coated	 can	 be	
protected,	 as	 an	 alternative	 to	 the	
fence,	 using	 a	 special	 structure	 in	
concrete,	 even	 prefabricated,	 whose	











Once	 the	 situation	 relative	 to	 the	 existing	 problem	 with	 WUI	 fire	 in	 contact	 with	 LPG	
facilities	is	exposed,	different	scenarios	will	be	generated	according	to	several	variables.	To	do	
this,	 it	 is	going	to	be	studied	the	 influence	of	variables	such	as	the	direction	of	the	wind	and	
the	distance	of	this	vegetation	to	the	tank	itself.		
	










emitted	 by	 the	 fire	 on	 the	 surface	 of	 the	 tank	will	 be	 investigated	 during	 a	 40	 seconds	 fire	
(residence	time	of	typical	ornamental	vegetation).	
	










typically	divides	the	space	of	 interest	 into	a	 large	number	of	discreet	3D	control	volumes	for	
which	the	fundamental	equations	governing	the	conservation	of	mass,	species,	 temperature,	
velocity	and	density	are	solved.	The	FDS	model	numerically	solves	a	form	of	the	Navies-Stokes	
equations	appropriate	 for	 low-speed,	 thermally-driven	 flow	with	an	emphasis	on	 smoke	and	
heat	 transport	 from	 fires.	 the	 default	 computational	 mode	 uses	 the	 Smagorinsky	 form	 of	
Large-Eddy	 Simulation	 (LES)	 technique	 to	 solve	 large	 scale	 hydrodynamic	 turbulence,	 a	
condition	that	typically	occurs	in	fires.	The	current	version	of	FDS	is	6.5.3	released	on	2017.	
	
FDS	requires	an	 input	file	 for	each	fire	scenario	 in	a	simple	text	 format	to	represent	the	
building	 geometry,	 materials	 specification,	 computational	 scope,	 grid	 resolution,	 boundary	























displaying	 it	 in	 its	 2D	 or	 3D	 view	 modes.	 The	 background	 image	 scale	 can	 be	 modified	 to	
correspond	 to	 the	 computational	 mesh	 chosen	 for	 intended	 FDS	 simulation.	 This	 feature	
greatly	facilitates	the	creation	of	geometry	of	complicated	models.	In	the	2D	view	mode,	there	






The	 creation	 of	 the	 FDS	 input	 file	 is	 a	 part	 of	 the	 fire	 modelling	 process	 and	 requires	
varying	 degrees	 of	 manual	 input	 and	 editing	 particularly	 when	 considering	 multiple	 fire	
scenarios.	Generally,	the	most	time	consuming	part	of	the	input	data	creation	is	the	transfer	of	




It	 can	 also	 incorporate	 a	 set	 of	 pre-defined	 FDS	 input	 parameters	 such	 as	 the	
computational	domain	and	grid	sizes,	selected	surface	materials,	prescribed	fire	source,	etc.	To	
assist	with	the	construction	of	the	3D	building	model	similar	to	the	obstruction	blocks	in	FDS,	a	





The	 simulation	 outputs	 from	 FDS	 can	 be	 visualized	 graphically	 in	 an	 interactive	 3D	
environment	 using	 an	 application	 called	 SmokeView.	 FDS	 can	 produce	 graphical	 output	 files	
containing	the	3D	model	geometry,	animated	quantities	per	unit	time,	as	well	as	static	pictures	
of	the	flow	field	in	Plot3D	format	which	can	be	accessed	and	visualized	using	SmokeView.	The	




















of	 1.50	 m3.	 (Figure	 22)	 Concerning	 the	 components	 of	 the	 system,	 the	 steel,	 which	 it	 can	

















For	 this,	 and	 taking	 into	 account	 the	 enormous	 variability	 of	 conditions	 that	 could	 be	
assumed,	 tank	dimensions	and	height	of	 shrubs	will	 be	 fixed,	 so	 that	 the	different	 scenarios	
are	comparable	to	each	other.	One	of	the	main	variables	to	be	set	will	be	the	wind	profile.	The	
three	 main	 scenarios	 will	 be	 presented	 taking	 into	 account	 the	 considerations	 indicated	












scenario	 will	 be	 selected	 according	 to	 the	 temperatures	 and	 two	 new	 scenarios	 will	 be	
simulated	 considering	 two	 different	 distances	 between	 the	 shrub	 and	 the	 LPG	 tank.	 These	
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The	 solid	 phase	was	modelled	by	 using	 the	 simple	 pyrolysis	model	while	 the	 gas	 phase	
combustion	was	described	by	employing	the	single	chemistry	mixing-controlled	approach.	This	
combustion	method	assumes	an	infinitely	fast	reaction	of	fuel	and	oxygen	and	only	allows	one	











First	 of	 all,	 various	 measurement	 points,	 by	 which	 we	 obtained	 the	 punctual	 time	
evolution	of	 the	 three	selected	variables,	were	 located	at	different	heights	over	 the	stepped	
surface	 (as	 it	 can	 be	 seen	 on	 the	 Figure	 30	 and	 Table	 19).	 Finally,	 the	 temperatures	 (wall	
temperature	tanks	surface,	wall	temperature	inside	tanks	surface	and	temperature	inside	the	
tank),	the	thermal	flux	at	the	tank	surface	were	quantified.	Then,	diverse	slice	files,	which	are	

















































































































Supposing	 a	 0	 m/s	 wind	 situation,	 the	 different	 profiles	 of	 temperature	 are	 obtained.	
Firstly,	 it	 is	 going	 to	 be	 shown	 the	 different	 temperatures	 outside	 the	 wall	 surface	 for	 the	











































As	we	can	see	 in	Figure	34,	 the	maximum	profile	 temperature	 is	 reached	on	the	middle	
part	 of	 the	 tank,	 achieving	 a	 temperature	 near	 70	 °C	 in	 30	 seconds,	 as	 it	 happens	 on	 the	
outside	wall	temperature.	The	temperature	on	the	lowest	and	highest	part	of	the	tank	is	the	
same	 and	 it	 could	 be	 considered	 constant	 at	 20	 seconds	 until	 the	 end	 in	 an	 outside	 wall	
temperature	of	20	°C	(both	curves	are	superposed).	As	it	can	be	shown	in	the	Figure	34,	when	
we	 are	 nearer	 to	 inside	 tank,	 the	 temperatures	 are	 increasing	 continuously	 on	 it	 and	 the	
medium	height	is	the	most	affected	part	and.	
	





























































In	 addition,	 the	 Smoke	 View	 Simulator	 gives	 a	 visualization	 of	 the	 simulation	 in	 a	 plan	


























































As	we	 can	 see,	 the	maximum	profile	 (Figure	 40)	 temperature	 is	 reached	on	 the	middle	
part	of	the	tank,	achieving	a	temperature	near	205-210	°C	in	15-20	seconds,	as	it	happens	on	
the	 outside	 wall	 temperature,	 but	 reaching	 a	 final	 temperature	 lightly	 smaller	 than	 the	
external	part.	The	temperature	on	the	lowest	and	highest	part	of	the	tank	could	be	considered	
constant	 until	 the	 end	 in	 an	 outside	 wall	 temperature	 of	 20	 °C	 and	 these	 values	 are	
superposed.		
	




























































In	 addition,	 the	 Smoke	 View	 Simulator	 gives	 a	 visualization	 of	 the	 evolution	 of	
temperature	 during	 the	 simulation	 in	 a	 plan	 view.	 The	 figures	 show	 the	 interval	 of	 highest	

















Supposing	 a	 3	 m/s	 wind	 situation,	 the	 different	 profiles	 of	 temperature	 are	 obtained.	





As	we	can	see	 in	Figure	45,	 the	maximum	profile	 temperature	 is	 reached	on	the	middle	




































As	we	can	see	 in	Figure	46,	 the	maximum	profile	 temperature	 is	 reached	on	the	middle	









As	 it	happens	with	 temperature,	 the	 thermal	heat	 flux	 (Figure	47)	 reaches	 its	maximum	





























































In	 addition,	 the	 Smoke	 View	 Simulator	 gives	 a	 visualization	 of	 the	 evolution	 of	













the	one	selected	 to	see	 the	affectation	 in	 the	system	taking	 into	account	 the	variable	of	 the	
distance	between	the	tank	and	the	burning	vegetation.	Thus,	scenario	4	will	simulate	a	fire	of	












As	we	can	see	 in	Figure	50,	 the	maximum	profile	 temperature	 is	 reached	on	the	middle	
part	 of	 the	 tank,	 followed	 by	 the	 upper	 part,	 achieving	 a	 temperature	 near	 245	 °C	 in	 20	
seconds.	The	temperature	on	the	lowest	part	of	the	tank	could	be	considered	constant	at	15	







As	we	can	see	 in	Figure	51,	 the	maximum	profile	 temperature	 is	 reached	on	the	middle	






















































































































As	we	can	see	 in	Figure	53,	 the	maximum	profile	 temperature	 is	 reached	on	the	middle	
part	 of	 the	 tank,	 followed	 by	 the	 upper	 part,	 achieving	 a	 temperature	 near	 160	 °C	 in	 30	
seconds.	The	temperature	on	the	lowest	part	of	the	tank	could	be	considered	constant	at	15	







As	we	can	see	 in	Figure	54,	 the	maximum	profile	 temperature	 is	 reached	on	the	middle	




































































this	 case,	 the	 flames	 coming	 from	 the	 shrubs	 will	 not	 be	 favored	 in	 any	 direction,	 so	 the	
biggest	 contribution	 the	 tank	 will	 receive	 will	 be	 the	 one	 that	 is	 transmitted	 by	 means	 of	
convection	and	radiation	mechanisms	of	the	fire	itself	and	which	in	turn	will	be	determined	by	
the	distance	from	the	bushes	to	the	tank.	Taking	into	account	this	factor	and	knowing	that	the	
part	most	exposed	to	 this	plant	 front	will	be	 the	middle	of	 the	 tank,	a	 temperature	 increase	
will	 be	 seen	 in	 the	 outer	 zone	 of	 the	 wall	 up	 to	 a	 maximum	 value	 of	 70	 °C	 in	 the	 time	
contemplated	 during	 the	 simulation,	 which	will	 be	 followed	with	 close	 values	 by	 the	 upper	
part	of	the	tank.	The	bottom	of	the	tank	will	only	reach	values	around	40	°C.	
	








If	 we	 analyze	 scenario	 2,	 the	 flames	 coming	 from	 the	 shrubs	 will	 be	 favored	 in	 the	
direction	of	the	tank,	so	the	contribution	of	heat	to	it	will	be	greater	and	the	view	factor	will	
favor	this	effect.	The	tank	will	receive	heat	by	by	convection	and	radiation	mechanisms	of	the	




zone	of	 the	wall	up	 to	a	maximum	value	of	210-215	°C	 in	 the	 time	contemplated	during	 the	








values	 of	 up	 to	 350	 kW/m2	 are	 reached	 in	 the	 upper,	 middle	 and	 lower	 faces	 of	 the	 tank	











above).	 Taking	 into	 account	 this	 factor	 and	 knowing	 that	 the	 most	 exposed	 part	 to	 this	
vegetation	mass	will	be	the	central	part	of	the	tank	a	temperature	increase	will	be	seen	in	the	
outer	zone	of	the	wall	up	to	a	maximum	value	of	160-170	°C	in	the	time	contemplated	during	
the	 simulation.	 The	 lower	 part	 of	 the	 tank	 will	 reach	 values	 close	 to	 80	 °C	 that	 may	 be	















































































































If	 the	 thermal	 flux	variation	 is	observed,	 the	 results	will	be	very	 similar	and,	although	a	





On	 this	 case,	both	 scenario	2	and	3	 could	 lead	 to	a	possible	BLEVE	event	according	 the	
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If	we	analyze	scenario	5,	knowing	that	 the	most	exposed	part	 to	 this	plant	 front	will	be	
the	central	part	of	 the	 tank	 (the	wind	speed	and	 its	direction	will	 favor	 the	 incidence	 in	 this	
part),	a	temperature	increase	will	be	observed	in	the	outer	zone	of	the	wall	up	to	a	maximum	
value	of	160	°C	 in	 the	time	contemplated	during	the	simulation.	The	bottom	of	 the	tank	will	
reach	values	close	to	55	°C	that	can	be	potentially	dangerous.	
	











is	 a	 key	value	and	 the	 increase	or	decrease	 causes	 large	variations	 in	both	 temperature	and	
heat	 contributed	 to	 the	 tank	 itself.	As	 can	be	 seen	 in	Figure	58,	 the	 values	 are	 close	 to	half	
extending	a	difference	of	0.75	m	separation.		
	









It	 is	very	 important,	when	evaluating	these	scenarios,	 to	understand	the	contribution	of	









































The	 objective	 of	 this	 project	 is	 the	 study	 and	 analysis	 of	 the	 risks	 for	 LPG	 facilities	 in	










This	project	was	carried	out	 in	CERTEC	 facilities,	 located	 in	 the	Department	of	Chemical	
Engineering	 EEBE	 during	 about	 five	 months.	 It	 is	 considered	 that	 the	 application	 did	 not	

















• Positive	 effect:	 the	 one	which	 is	 admitted	 by	 the	 scientific	 community	 and	 the	
general	 population	 in	 the	 context	 of	 a	 comprehensive	 analysis	 of	 the	 costs	 and	
benefits	of	generic	contingencies	external	of	contemplated	actions.	
• Negative	 effect:	 That	 which	 results	 in	 the	 loss	 of	 natural	 value,	 aesthetic	 and	
cultural	 landscape,	 ecological	 productivity	 or	 an	 increase	 in	 pollution	 damage	









• Direct	 effect:	 the	 one	 which	 has	 an	 immediate	 impact	 on	 some	 aspect	 of	 the	
environment.	
• Indirect	or	secondary	effect:	 the	one	which	 is	an	 immediate	 impact	with	regard	
to	 interdependence	 or,	 in	 general,	 with	 respect	 to	 the	 relationship	 of	
environmental	sector	to	another.	
	
Here	 there	 are	 included	 the	 different	 definitions	 of	 the	 assessment	 of	 potential	
environmental	impact	referring	the	character	of	environmental	compatibility:	
	
• Compatible	 EI:	 one	 in	which	 the	 recovery	 is	 immediate	 end	 of	 the	 activity	 and	
does	not	require	protective	measures.	
• Moderate	 EI:	 That	 where	 recovery	 does	 not	 require	 intensive	 corrective	 or	
protective	measures,	but	to	recover	the	initial	conditions	require	a	certain	time.	




of	 recovery,	 even	 with	 the	 protective	 or	 corrective	 measures.	 In	 addition	 to	
assessing	 the	 impacts	 of	 different	 specific	 cause-effect	 relationships,	 must	 be	
evaluated	 regarding	 the	overall	 impact	of	 the	project.	 The	overall	magnitude	of	










The	 resources	 were	 needed	 to	 develop	 this	 activity	 are	 electricity	 consumption	 for	











number	 of	 experiments	 required	 and,	 consequently,	 reduce	 the	 emission	 of	 pollutants	
resulting	from	combustion	of	real	scenarios	created	to	demonstrate	the	fire	situations	studied.	
Eventually,	all	bring	a	social	benefit	 in	terms	of	improved	efficiency	in	firefighting	since	it	will	
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In	order	 to	 simplify	 the	 study	of	 the	emissions	 impact	 is	 considered	only	CO2	emissions	
because	it	is	the	majority	contaminant.	
	
The	 main	 consumption	 of	 resources	 with	 the	 consequent	 emission	 of	 carbon	 dioxide	
considers	 the	 existence	 of	 an	 indirect	 impact	 arising	 from	 the	 consumption	 of	 electricity	
resulting	 from	 the	 emission	 of	 combustion	 gases	 in	 power	 plants.	 The	main	 contaminant	 is	
then	the	CO2	responsible	for	the	greenhouse	effect.	Thus,	the	project	was	developed	over	six	
months.	Throughout	the	project	has	been	prepared	for	the	first	three	months	of	a	computer	
and	an	average	of	 four-six	 computers	 running	 the	 simulations	 in	parallel	during	 the	 last	 two	
months.	 They	 are	 on	 every	 day	 of	 the	 week	 and	 24	 hours	 per	 day,	 the	 average	 energy	
consumption	is	7,200	hours.	If	it	is	considered	that	the	computer	requires	an	average	power	of	
90	W	when	it	is	active	and	5	W	when	is	at	rest;	the	energy	consumed	throughout	the	project	






























This	 section	 analyzes	 costs	 associated	 with	 human	 resources,	 which	 are	 considered	
basically	 the	hours	of	a	person	 in	charge	of	 the	project,	as	well	as	 two	others	who	have	had	
participation.	
	
It	 is	 considered	 a	 supposed	 cost	 of	 €	 12/	 hour	 for	 junior	 engineer	 who	 has	 done	 the	
project,	devoting	18	hours	per	week	 for	 five	months.	The	direction	was	given	by	 two	PhD	 in	
Industrial	Engineering	with	a	commitment	of	three	hours	per	week	and	a	fee	estimated	€	40	/	
hour	 respectively.	 In	 this	 case,	 a	 PhD	 student	 has	 helped	 also	 in	 the	 part	 of	 environmental	




Personnel	 Cost	(€/h)	 Dedicated	Hours	 Total	cost	(€)	
Junior	Engineer	 12	 378	 4,356	
PhD	Student	 20	 30	 600	
2	PhD	Industrial	
Engineer	 40	 63	 5,040	





Material	 resources	 consumed	during	 the	 realization	 of	 this	 project	 are	 related	 to	 office	
work:	this	costs	arising	from	consumption	of	office	supplies	(electricity).	Simulations	activities	
have	been	developed	on	the	CERTEC	(Center	for	Technological	Risk	Studies)and,	therefore,	 it	
has	 been	 used	 the	 computer	 equipment	 has	 this	 institution.	 Referring	 to	 this	 aspect,	 it	 is	
considered	the	amortization	of	equipment	owned	CERTEC.	Regarding	the	software	used,	 it	 is	
considered	 that	 the	 cost	 of	 licensing	 the	 operating	 system	 (Microsoft®	 Windows	 7	
Professional)	and	office	suite	 (Microsoft®	Office	2010)	are	 included	 in	 the	acquisition	cost	of	
the	 computer.	 However,	 regarding	 specific	 software	 licenses	 has	 been	 used	 (AutoCAD®	 and	
Pyrosim)	the	cost	was	zero	as	it	has	benefit	from	the	license	and	the	UPC	CERTEC.	Finally,	the	







































In	 the	 first	 place,	 there	 are	 a	 large	 number	 of	 variables	 that	 interfere	 with	 the	
characterization	 of	 the	 analytical	 substance:	 LPG.	 As	 it	 is	 a	mixture	 of	 propane	 and	 butane,	
with	different	physical	 and	 chemical	 properties	 (although	 similar),	 there	 is	 a	 variability	 in	 its	
behavior	 depending	 on	 the	 %	 defined	 in	 its	 composition,	 although	 this	 factor	 is	 not	









Although	 a	 large	 amount	 of	 information	 is	 currently	 available	 and	 regulatory	 agencies	
have	a	standard	and	legislation	to	protect	individuals	and	reduce	the	risk	of	such	scenarios,	as	
we	have	seen,	there	is	a	great	difference	among	countries.	Spain,	as	an	example,	contemplates	
the	 possibility	 of	 having	 shrubs	 near	 flammable	materials	 such	 as	 an	 LPG	 installation,	while	





Entering	 the	 field	of	experts	and	 reviewing	 the	state	of	 the	art	about	 this	problem,	 it	 is	
noteworthy	the	lack	of	available	information	or	the	few	contributions	made	on	the	subject,	but	
also	 important.	 There	 are	 many	 variables	 that	 can	 modify	 the	 results	 (wind,	 outdoor	
temperature,	 shrub	 height,	 distance	 to	 the	 tank,	 degree	 of	 filling	 of	 the	 tank,	 material	 of	
construction	 of	 the	 same,	 etc.)	 and	 that	 are	 very	 complicated	 to	 relate.	 In	 addition,	 no	




the	system,	 the	value	of	maximum	heat	 flux	produced	by	a	BLEVE	used	as	a	criterion,	 is	not	
100%	 valid	 when	 evaluating	 the	 potential	 risk	 or	 danger	 of	 a	 scenario,	 since	 a	 very	 high	
thermal	 flux	 can	 be	 provided	 during	 instantaneous	 moments	 of	 time	 that	 do	 not	 affect	
practically	the	 internal	temperature	of	the	tank.	For	this	reason,	 it	 is	 interesting	to	study	the	
incidence	that	different	variables	can	have	within	a	scenario.	
	



















this	 subject	 that	 can	 give	 rise	 to	 real	 scenarios	 in	 day	 to	 day	 everyday	 events	 such	 as	 the	
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